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Discussion and Decision
1
Introduction
The agreements of 3GPP RAN1#86 related to antenna port quasi-co-location are listed in the following:
Agreements:
· All physical channels and reference signals in NR are transmitted using antenna ports

· Agree as working assumption the following antenna port definition for NR (same as in LTE)

· An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. 
· Parameters for antenna port QCL in NR includes at least (if QCL is supported)
· Average gain, average delay, delay spread, Doppler shift and Doppler spread (same as in LTE)

· Additional parameters are FFS 

· FFS whether the QCL or other means can be used for UE beamforming management

· The following QCL assumptions for DM-RS antenna ports in NR are for further study

· QCL across DM-RS antenna ports

· All the DMRS antenna ports are QCL-ed with each other

· Not all the DMRS antenna ports are QCL-ed with each other

· QCL across scheduled PRBs for DM-RS antenna port 

· QCL among DM-RS antenna port groups

· QCL of DM-RS antenna ports with antenna ports of other reference signals (RS to be defined in NR) 

· Other assumptions are not precluded

· Note: The antenna ports of demodulation reference signal (DM-RS) in NR are used to transmit at least physical data and, possibly, control channels and used at the UE for demodulation
Agreements:
· All QCL assumptions that a UE is allowed to make among antenna ports should be identified and explicitly specified

· QCL is defined as follows: 
· Two antenna ports are said to be quasi co-located if properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed.
· Future refinement on QCL definition is not precluded

In this contribution, a special focus is given for the quasi-co-location (QCL) antenna port configurations for NR system.
2
Motivation

In LTE, the assumption of QCL:ed antenna ports is defined as: “Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, and average delay”. The definition of QCL:ed antenna ports reflects the assumption that how transmissions associated with antenna ports are distributed over geographically separated antennas. By exploiting information on QCL antenna port configuration, operation of channel estimator can be enhanced at UE. From the opposite angle, the wrong CQL assumption can lead in performance degradation. In LTE, a downlink signalling support for UE to indicate the QCL assumption for antenna ports is provided. 
In Figure 1 we depict BS beams which are matched with UEs having different Rx beam resolutions. For example in Figure 1, UE1 operates with 4 Rx beams and matches Rx beam #2 with the BS beam #2. UE2 is omnidirectional UE for whom the best DL beam is #3. UE3 is operating only 2 Rx beams and matches beam#1 with the BS beam #4. As we can see from Figure 1, there will be different UE categories with different beamforming resolutions and capabilities. Related to UE capability, one important parameter is the number of parallel RF beams at UE.
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Figure 1: BS and UE sweeping for Tx and Rx beam matching
While 1 illustrates UEs with one RF beam at a time, in Figure 2 we depict a UE with capability to form two RF beams at a time. The 5G operation strives to confine all the signals intended to a UE in its allocated time and frequency resources, a so called “stay in the box” concept. This limits the flexibility of the UE in terms of utilizing multiple signals in order to improve channel estimates, maintain time and frequency synchronization and perform AGC. On the other hand, the BS seeks for flexible operation.
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Figure 2: Multi BS transmission to a UE
All of the above discussion is indicating that the UE needs to follow some specific rules with respect to the assumption of the co-location of the reference symbols which may be in same analog beam or in different analog beams coming from same or different TRPs. In addition, the UE may utilize some Rx beamforming which needs to be applied correctly with respect to the downlink transmission. At this point we believe that in this beamforming setup we need an extended QCL framework involving transmitter assumptions as well as receiver assumptions.

3
Extended QCL framework
It is perhaps improper to refer to QCL rules for the UE, hence our preference to call this as an extended QCL framework. In such a setup, the intention is to couple Rx assumptions, received at the BS based on the UE reporting, with QCL assumptions. In this fashion the UE gets Tx QCL information as a well as a confirmation on the receiver assumptions to be used. As such signalling is received on PDCCH, it indicates assumptions for the upcoming PDSCH transmission. Such assumptions are highly important in the light of decoupling the transmission points for control and data in a dynamic way. In the following we present some general rules on how such TX/Rx assumptions could be coupled. We propose to define antenna co-location rules as well as receiver beamforming rules. A prerequisite of below procedures is the fact that the UE is able to group the DL transmitted signals according to the UE beamforming filter. Such grouping of DL signals with respect to Rx BF weights is known the transmitter.
Table 1: extended QCL assumptions

	Type A: Beam identification RS, demodulation for data RS and demodulation for control RS are collocated with respect to delay spread, Doppler spread, Doppler shift, and average delay
	omnidirectional UE receiver

	
	Non-omnidirectional UE receiver

	Type B: Beam identification RS and demodulation for control RS are collocated with respect to delay spread, Doppler spread, Doppler shift, and average delay
	omnidirectional UE receiver

	
	Non-omnidirectional UE receiver

	Type C: a set of beam identification RS ports and one or more demodulation for control RS and one or more demodulation for data RS ports are collocated with respect to delay spread, Doppler spread, Doppler shift, and average delay; while another set of beam identification RS ports and one or more demodulation for control RS ports and one or more demodulation for data RS ports are collocated with respect to delay spread, Doppler spread, Doppler shift, and average delay
	omnidirectional UE receiver

	
	Non-omnidirectional UE receiver


The options in Type B allows the transmitter to indicate that downlink control comes from a different analog beam with respect to DMRS for data, hence it decouples the DMRS for data from the rest of reference symbols. Also it indicates the UE the use of omnidirectional antenna configuration, or the use one Rx beamformer for a set of the collocated signals and a different UE beamformer for another set of collocated signals.

The Type C configuration allows different ranks to come from different transmission points or different BRS beams in same transmission point. It also involves UE Rx assumptions such that same Rx assumption is used (hence the BS indicates that transmitted signals are part of the same group reported by the UE
Proposal: Consider an extended QCL framework where transmitter and receiver assumptions are utilized.
4
Conclusions
In this contribution, QCL antenna port assumptions for NR system at higher carrier frequencies have been considered. The following proposal is summarized:
Proposal: Consider an extended QCL framework where transmitter and receiver assumptions are utilized.
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